In this paper we obtain the entropy formula of black hole solutions of Minimal Massive Gravity (MMG) by Tachikawa method [1]. Then we apply this formula for BTZ black hole solution. We find that the usual Bekenstein-Hawking entropy is modified. The modification come from Chern-Simons (CS) term and new term in MMG. The contribution of CS term, which is proportional with inner radius of horizon is not new, but last term which is due to the new term of MMG, as usual is proportional to the outer radius of horizon and is new result. Then we show that the total entropy exactly can be reproduced by Cardy formula for entropy of the dual boundary CFT. 1 rezakord@ipm.ir 2
Introduction 2 Minimal massive gravity and conserved charge
The Lagrangian 3-form of MMG is given by [2] 
where L T M G is the Lagrangian of TMG,
e.e × e + h.T (ω) + 1 2µ (ω.dω + 1 3 ω.ω × ω) (2) where Λ 0 is a cosmological parameter with dimension of mass squared, and σ a sign. µ is mass parameter of Lorentz Chern-Simons term. α is a dimensionless parameter, e is dreibein, h is the auxiliary field, ω is dualised spin-connection, T (ω) and R(ω) are Lorentz covariant torsion and curvature 2-form respectively. One can rewrite the Lagrangian 3-form L M M G as following
The equations of motion of the above Lagrangian by making variation with respect to the fields h, e and ω are as following respectively
where the locally Lorentz covariant torsion and curvature 2-forms are
The covariant exterior derivative D(ω) in Eq. (5) is given by
The first-order variation of L M M G is given by
where we have used the relations
here E Φ denotes the equation of motion associated with field Φ, but Θ is sympletic potential. From Eq.(10) sympletic potential is given by
Now we consider following condition as has been considered by Tachikawa
where Ψ ξ is a suitable 2-form, δ ξ is the variation induced by diffeomorphism by the vector field ξ, while £ ξ denotes the Lie derivative with respect to ξ. As have been mentioned in [1] the above condition means that the diffeomorphism generated by ξ is a symmetry, the corresponding conserved on-shell is [13] 
so, dJ ξ ≃ 0, where ≃ denotes the equality on-shell. i ξ is the interior product. J ξ is exact on-shell, so there is a 1-form Q ξ , such that [14]
Thus J ξ is the conserved Noether current and Q ξ is corresponding conserved charge. In our problem, since ω and e are tensor so
due to this, in Eq. (14) Ψ ξ = 0 and we have
By substituting Θ and L M M G from Eqs. (12), (1) respectively into Eq. (17), and replacing variation δ ξ ω , δ ξ e by their Lie derivative and also using following identity
finally we obtain following expression for Q ξ
Now by inserting T (ω) from Eq. (7) into equation of motion (4) we obtain
where new dual spin-connection 1-form Ω(e) which is torsion-free is given by
By considering 1 + ασ = 0, and using following identities
one finds that the field equations imply [2] e · h = 0 (23) then as have been obtained in [2] we have
where 3D Schouten tensor S µν is given by
Now by using Eq.(21) we rewrite Q ξ in Eq.(19) as following
then using Eq.(23) the above charge takes final form
The above equation give us the general conserved charge for calculations of entropy of any black hole solution of MMG.
3 General formula for entropy and its application in BTZ black hole
In this section we consider the general formula which has been obtained by Tachikawa [1] (see also [11] ) for the Chern-Simons contribution to the entropy
where Σ is the Cauchy surface, κ is surface gravity, and Q ξ is conserved charge which we have obtained by equation (27) in the context of MMG. The above entropy formula is a general equation for any black hole solution in the context of MMG, because as we have mentioned in the last paragraph of previous section, the conserved charge Q ξ is generic.
As an application of above formula here we consider the BTZ black hole solution, and probe this equation for such black hole solutions of MMG.
Since MMG locally has the same structure as that of TMG then BTZ black hole solution of TMG, are also the solution of MMG. The metric of rotating BTZ black hole is given by [7] 
(29) where r + and r − are outer and inner radiuses of horizon respectively. Now using following components of dreibein for the above metric
and Kiling vector field
we obtain following expression for conserved charge Q φ Eq.(27)
Surface gravity κ for BTZ metric is as
Then by substituting Eqs.(32), (33) into general entropy formula (28), we obtain
In order to obtain final form of entropy we should multiply the above result in factor
8πG , which is a coefficient in Lagrangian we have ignored at first (see also [15] ). So our final result for entropy of BTZ black hole solutions of MMG is as
The first term in the above formula come from the Einstein-Hilbert and cosmological terms of Lagrangian L M M G , the second term is the contribution of Chern-Simons term, and last term is due to the new term of MMG, which is a new result. It is interesting that by this method not only we have obtained the contribution of non-covariant part of Lagrangian (Chern-Simons term) in the entropy, but also we have obtained the contributions of another part as well. In the next section we show that the result (35) for the entropy of BTZ solution of MMG is exactly coincide with what we obtain by Cardy formula for microscopic entropy of dual CFT of black hole.
CFT consideration
In this section we would like to compute the entropy of the BTZ black hole solution of MMG by assuming the existence of a dual CFT [2] .The left and right temperatures of the BTZ black hole is given by [16] (see also [17, 18] )
In term of these quantities, the microscopic Cardy formula for the entropy is
where C L and C R are left and right central charges of dual CFT respectively.
As have been discussed in [2] , the two copies of the Virasoro algebra on the boundary has the following central charges
Now by inserting left and right temperatures from Eq.(36), and also the above central charges into Eq.(37) we obtain
which is exactly the same result Eq.(35), we have obtained from general entropy formula for BTZ black hole solution of MMG.
Conclusion
In the present paper we have obtained the conserved current and corresponding charge for entropy of black hole solutions of MMG, which have been given by Eqs. (17), (27) respectively. Equation (27) give us the general conserved charge for calculations of entropy of any black hole solution of MMG. Then according to the method of Tachikawa [1] for calculation of entropy, we have used equation (28), and could obtain the entropy of BTZ black hole solution of MMG. Our result is given by Eq.(35). As one can see, this expression contain 3 terms. The first term come from Einstein gravity in the presence of negative cosmological constant. The second term is due to the CS term, and last term is the contribution of new term of MMG, and is proportional to the parameter α. The CS term in the Lagrangian of MMG is non-covariant and its contribution to the entropy is proportional to r − , however, the cosmological Einstein gravity part and new term of MMG give us a contribution proportional to r + . After that in order to check that our result (35) is correct, we have reproduced it by using the Cardy formula for entropy of boundary CFT. The result by this method is exactly coincide with (35).
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